2 When we think of our family and friends, we probably know someone who is good at finding 3 their way and someone else that easily get lost. We still know little about the biological and 4 environmental factors that influence our navigational ability. Here, we investigated the 5 frequency and sociodemographic determinants of wayfinding and their association with 6 vestibular function in a representative cross-sectional sample (N = 783) of the adult German-7 speaking population. Wayfinding was assessed using the Wayfinding Strategy Scale, a self-8 report scale that produces two scores for each participant representing to what degree they rely 9 on route-based or orientation (map-based) strategies. We were interested in the following 10 research questions: (1) the frequency and determinants of wayfinding strategies in a population-11 based representative sample, (2) the relationship between vestibular function and strategy 12 choice and (3) how sociodemographic factors influence general wayfinding ability as measured 13 using a combined score from both strategy scores. Our linear regression models showed that 14 being male, having a higher education, higher age and lower regional urbanization increased 15 orientation strategy scores. Vertigo/dizziness reduced the scores of both the orientation and the 16 route strategies. Using a novel approach, we grouped participants by their combined strategy 17 scores in a multinomial regression model, to see whether individuals prefer one strategy over 18 the other. The majority of individuals reported using either both or no strategy, instead of 19 preferring one strategy over the other. Young age and reduced vestibular function were 20 indicative of using no strategy. In summary, wayfinding ability depends on both biological and 21 environmental factors; all sociodemographic factors except income. Over a third of the 22 population, predominantly under the age of 35, does not successfully use either strategy. This 23 represents a change in our wayfinding skills, which may result from the technological advances 24 in navigational aids over the last few decades. 25 3 26 Introduction 27 Wayfinding; the ability to find one's way in an unfamiliar environment, has an outstanding 28 place among our cultural skills. The ability to find one's way in a complex environment is no 29 trivial feat. It is therefore not surprising that we find a high degree of variability in individuals' 30 ability and the strategies used and declines in normal aging [1], in neurodegenerative disease 31 [2] and with vestibular dysfunction [3, 4] . These strategies have been broadly defined as route 32 strategies and orientation strategies [5, 6] . The difference between these two strategies is 33 demonstrated in Figure 1 . 34 35 Figure 1. Illustration of the two main wayfinding strategy types. Left: the orientation strategy, in 36 which individuals use spatial relations and global reference points such as the sun or cardinal directions to 37 navigate. Individuals that use this strategy often report having a 2D map of the environment in their head.
176 was used with a heteroscedasticity consistent covariance matrix (HCCM 0) based on the Huber-177 White-Eicker weighting procedure for standard errors. This method is the procedure of choice 178 in this situation as the sample size was large enough (n>250), and because it allows for easy 179 interpretation [42] .
180 Using separate models for the route and the orientation strategy neglects the fact that the two 181 scores come from the same individual. Some individuals may score high in both route and 182 orientation strategies, allowing them to flexibly adapt their wayfinding strategy to meet the 183 needs of the situation. Similarly, individuals may score low on both strategies, suggesting that 184 they have a difficult time successfully wayfinding in any situation. To investigate the combined 185 outcome, we categorized individuals into four distinct classes based on their medians of both 186 strategies (76 points on route scale, 60 points on orientation scale). Because our sample is large 187 and representative, the median cut-off values used here can be applied to other studies with 188 smaller and less representative samples.
189 An individual that scored at least 76 points on the route scale, but below 60 points on the 190 orientation scale was classified as a route strategist. An individual that scored 60 points or more 191 on the orientation scale, but less than 76 points on the route scale was classified as an orientation 192 strategist. An individual scoring at least 76 points on route scale and at least 60 points on 193 orientation scale was categorized as a "flexible" strategist. A person that scored less than 76 194 points on route scale and less than 60 on orientation was defined as an "undetermined" strategist. 195 We then used this categorized outcome for a multinomial regression [41, 43] .
196 All data analysis was carried out using SPSS software (IBM SPSS Statistics for Windows, 197 Version 23.0. Armonk, NY: IBM Corp) and the IBM R-Essentials [44] using R software, 198 version 3.1.0 [45] .
Results
200 One-thousand three participants, aged 18-96 agreed to participate in the survey. All participants 201 with missing values were excluded from the statistical analyses. The final sample included 783 202 participants; 52.7% were women and the mean age was 47.9 years (SD = 17.9). Prevalence of 203 vertigo/dizziness was 24.2%. Table 1 shows the sociodemographic characteristics of all 204 participants that were included in the regression analysis, separated by strategy. As described 205 in the Mehods, all data is weighted according to the frequency of the current population. 206 Individual wayfinding strategies 207 Two linear regressions were performed to examine the effect of sociodemographic determinants 208 and vestibular performance, on the orientation and the route strategy respectively. The results 209 of each of these regressions are presented in Table 2 .
210~~~~~~~ TABLE 2 ABOUT HERE (separate file) ~~~~~~2 11 In the orientation strategy gender differences across the entire population were in accordance 212 with what has been seen in other studies with a more limited age and educational stratification.
213 Men reported significantly higher orientation scores than women by almost 5 points. The 214 influence of estrogen was examined by comparing postmenopausal women in both age 215 categories above the age of 55 to younger women, with the expectation that women above 55
216 years of age have less estrogen and therefore higher orientation scores. However, we found no 217 evidence that post-menopausal women reported higher orientation scores than pre-menopausal 218 women.
219 In contrast to our expectations, older participants scored higher on the orientation strategy than 220 younger participants. A person aged 71 or older reported an orientation strategy score that was 221 on average 7 points higher than someone under the age of 36. Educational level and regional 222 urbanization influenced orientation strategy scores in opposite directions. Increasing 223 educational achievement lead to significantly higher orientation scores. Participants residing in 224 urban areas with over 500,000 inhabitants had significantly lower orientation scores than 225 residents in areas with up to 50,000 inhabitants. 231 In accordance with previous research, the route strategy showed much less stratified effects 232 than the orientation strategy. There was no significant effect of age or gender on route strategy 233 scores. However, two interesting and significant effects were found that were also seen in the 234 orientation strategy. First, participants with higher educational achievement also reported 235 increased scores on the route strategy. Second, the presence of vertigo in the last 12 months 236 was associated with a 5-point decrease in route strategy scores compared to participants without 237 vertigo.
238 In summary, the relevant sociodemographic determinants for wayfinding proved to be gender, 239 age, regional urbanization and education. Income was the only factor measured that did not 240 significantly influence wayfinding scores.
241 Combined wayfinding strategies 242 The Wayfinding Strategy Scale provides two independent scores for each participant; one for 243 the orientation strategy and one for the route strategy. If analyzed separately, as has always 244 been done previously, these scores do not show combined effects across both strategies. Most 245 studies agree, though, that superior wayfinding involves the ability to switch between different 246 strategies for flexible and fast adaptation to the situation at hand [1]. We therefore chose a novel 247 approach to analyze the Wayfinding Strategy Scale, taking advantage of our representative 248 sample. We grouped our participants into four groups using a median split and examined the 249 sociodemographic determinants of combined strategies using a multinomial regression model 250 and including all predictors from the linear regression models. Interestingly, the majority of 251 individuals reported using either both strategies or neither strategy, instead of preferring one 252 strategy over the other: 1) 30.7% were undetermined strategists that scored below the median 253 in both strategies, 2) 18.5% were route strategists that scored above the median only in the 254 route strategy, 3) 15.5% were orientation strategists that only scored above the median in the 255 orientation strategy, and 4) 35.3% were flexible strategists that scored above the median for 256 both strategies. 257 The multinomial model is highly complex with all possible combinations of differences 258 between groups. However, the odds ratios provide a useful way of interpreting the results of the 259 analysis. An odds ratio greater than 1 means that there is a positive effect of that 260 sociodemographic factor grouping to use a specific strategy compared to the reference grouping 261 and strategy, whereas less than 1 means there is a negative effect. The multinomial model 262 confirmed the results from the linear regression concerning the orientation strategy vs. the route 263 strategy and will therefore not be reported here (for the full model see S3 Table) . Instead, we 264 focused here on flexible strategists, who have the ability to use both strategies of wayfinding 265 and should therefore be superior navigators and compared their odds ratios to the undetermined 266 strategists and the orientation strategists (Table 3 ).
267~~~~~~~~~ TABLE 3 ABOUT HERE (separate file) ~~~~~~~2
68 Comparing the flexible strategy to the undetermined strategy, a flexible strategist had greater 269 odds of being male, having a high education level, and being older in age (in reference to the 270 youngest age group of [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . Comparing the flexible strategy to the orientation strategy, a 271 flexible strategist had greater odds of being male, having a high education level, and living in 272 a lower-density urban area with 100,000 up to 500,000 inhabitants per region. Men were more 273 likely to use a flexible strategy than an undetermined strategy compared to women but did not 274 have significantly higher odds of being a flexible vs. an orientation strategist. Persons in the 275 age group 36-55 yrs. and 71-96 yrs. had significantly greater odds of being a flexible strategist 276 than being an undetermined strategist. However, the age group 71-96 did not have greater odds 277 of being a flexible strategist compared to an orientation strategist.
278 In summary, older males, with a higher education and living in less urbanized areas tended to 279 report using both the orientation and the route strategy, although gender and age effects were 280 similar between the flexible strategy as well as the orientation strategy. In addition, the 281 presence of vertigo, and being in the youngest age group (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) 296 One of the factors that most consistently affects wayfinding is gender. The fact that men report 297 higher orientation strategy scores than women has been shown in young adults [5, 11, 29] ; we 298 demonstrate the same trend across all age groups. Men also have higher scores for both the 299 route and orientation strategy, suggesting they can flexibly choose what navigation strategy to 300 use. This may explain the overall and a task-related advantage in navigational ability in real and 301 simulated environments, albeit in only about half of the cases (49.28%) [23] . Gender differences 302 already exist in childhood, but it is not clear to what extent biological and sex-typed experiential 303 factors interact [10, [55] [56] [57] to produce this effect and if they are consistent throughout lifetime 304 [9] .
355 spatial memory [62] [63] [64] [65] and wayfinding tasks [3, 19, 20] as well as reduced hippocampal volume.
356 The hippocampus is thought to be important for the allocentric navigation [9, 67] that forms the 357 basis of the orientation strategy. However, participants with vertigo had low scores on both the 358 orientation and the route strategy, which cannot totally confirm the connection between 359 vestibular dysfunction, allocentric navigation and the hippocampus. Our results emphasizes that 360 vestibular input is an important source of information for spatial memory and efficient 361 wayfinding [17, 66] for both wayfinding strategies, and supports the theory that vertigo and 362 dizziness has a more generalized effect on cognition [18] , more than a specific effect on spatial 363 memory. We are aware that we included a broad definition of vertigo/dizziness. However, the 364 vertigo symptoms were assessed by standardized questions derived from previous studies [54] 365 and the prevalence of vertigo corresponded to recent findings [26] .
366 Similar to previous studies using the Wayfinding Scale, the route strategy showed higher scores 367 overall than the orientation strategy, emphasizing the idea that route strategy is less 368 computationally expensive, and therefore less challenging than orientation strategy [5, 11, 28, 67] .
369 To examine the ability to switch between different strategies we grouped our sample into four 370 groups, the predominant orientation strategist, the route strategists and our two novel groups, 371 the flexible strategists that use both strategies, and undetermined strategists that do not appear 372 to use either strategy. Males with a high education and living in more rural areas are more likely 373 to flexibly use both strategies, in line with behavioral evidence for a male and educational 374 advantage in spatial abilities [52] . Having vertigo and being in the youngest age group was 375 indicative of not using either strategy, confirming the effect vestibular dysfunction and GPS 376 use on general navigational ability.
Conclusion
378 Our study is the first to show the strong influence of all sociodemographic factors except 379 income in the choice of wayfinding strategy in a representative sample of the population. We 380 specifically demonstrate the detrimental effect of vertigo and dizziness on wayfinding ability, 381 and a potential change in the way persons (especially young persons) navigate, as a result of 382 the increased use of mobile GPS devices. Plausible mechanisms for these effects may involve 383 orientation-specific brain areas and effects of vestibular input on cognition [3, 19, 20] . The 384 scores acquired can be used for comparisons in future studies with smaller sample sizes.
385 Longitudinal studies and experiments involving specific navigational paradigms are needed to 386 understand the underlying mechanisms for the sociodemographic effects found here.
Figure and table legends:
If not already within the text Table 2 . Results of the multiple regression for each strategy separately (n = 783). Beta-coefficients (ß), Confidence Intervals and p-values for the regression coefficients for orientation strategy and route strategy (with heteroscedasticity-robust standard errors -see Methods), and individually weighted according to frequency of the current population. and p-values (p) from the multinomial regression model for the odds of flexible vs. undetermined and flexible vs. orientation strategies. Outcomes were individually weighted according to frequency distribution of the current population. OR >1 means it is more likely to be part of the group of interest.
Supporting information S1 File. The wayfinding strategy scale as used in the questionnaire S2 Table. Alternative linear regression models, including lin-log regression and age in yrs.
(metric) S3 Table. Multinomial linear regression models for all possible odds concerning the undetermined, route, orientation, and flexible strategy.
Data availability. Data for all studies are available at https://web.gin.g-node.org/.
Code availability. SPSS Syntax-file is available at https://web.gin.g-node.org/.The file includes preparation and all relevant analysis for this paper.
